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Making use of Lotka-Volterra prey-predator system (1), we investigated the transition of equilibrium
state with the modification of apparent competition between two preys due to the invasion of an alien
predator into 2 prey-l predator system. We consider the system (1) of two predators and two preys,
where there is no direct inter-specific interaction between two preys. Since two preys have common
predators, we can say that they are in an apparent competition. Moreover, there is no direct interaction
between predators which have common preys so that they are in an exploitative competition. We do not
assume (i.e., do ignore) the intra-specific density effect for the predator. Our analysis can demonstrate
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AJ. Lotka (1925) [8] VI. Volterra (1926) [11]
- Lotka-Volterra -
:
$\{\begin{array}{l}\frac{dP_{1}}{dt} =-\delta_{1}P_{1}+c_{11}b_{11}H_{1}P_{1}\frac{dH_{1}}{dt} =(r_{1}-\beta_{1}H_{1})H_{1}-b_{11}H_{1}P_{1}\end{array}$ (1)
$P_{1}$ $H_{1}$ $\delta_{1}$ $r_{1}$
$\beta_{1}$ $b_{11}$ $c_{11}$
(1) $(0, r_{1}/\beta_{1})$ , $(0,0)$ ,
$(P_{1}^{*}, H_{1}^{*})=( \frac{\beta_{1}}{c_{11}b_{11}^{2}}(\frac{c_{11}b_{11}^{2}}{\beta_{1}}\cdot\frac{r_{1}}{b_{11}}-\delta_{1}),$ $\frac{\delta_{1}}{c_{11}b_{11}})$
$P_{1}^{*}>0,$ $H_{1}^{*}>0$
$\delta_{1}<\delta_{1}^{*};=\frac{c_{11}b_{11}^{2}}{\beta_{1}}\cdot\frac{r_{1}}{b_{11}}$ (2)
( cobwebbing ) $(P_{1}^{*}, H_{1}^{*})$
$(0, r_{1}/\beta_{1})$ $(0,0)$
Lotka-Volterra 1 -1 (1) Lotka-Volterra 2 -1







Fig. 1: 1 -2 1 $P_{i}(i=1,2)$ $H_{j}(i=1,2)$
1 ( )
$(P_{1}^{*}, 0, H_{1}^{*}),$ $(0, P_{2}^{*} , H_{1}^{*}),$ $(0,0, H_{1}^{*}),$ $(0,0,0)$ 3




2 1 1 -1
$\delta_{2}<\delta_{2}^{*};=\frac{c_{21}b_{12}^{2}}{\beta_{1}}\cdot\frac{r_{1}}{b_{12}}$
$\delta_{1}>\frac{c_{11}b_{11}}{c_{21}b_{12}}$ . $\delta_{2}$
1 2 1 -1
$\delta_{1}>\delta_{1}^{*}$ $\delta_{2}>\delta_{2}^{*}$
2 1
Lotka-Volterra 1 -1 (1) $\ovalbox{\tt\small REJECT}$
Lotka-Volterra 2 - 1 (3)








1 2 Lotka-Volterra 1 -2
$\{\begin{array}{l}\frac{dP_{1}}{dt} =-\delta_{1}P_{1}+c_{11}b_{11}H_{1}P_{1}+c_{12}b_{21}H_{2}P_{1}\frac{dH_{1}}{dt} =(r_{1}-\beta_{1}H_{1})H_{1}-b_{11}H_{1}P_{1}\frac{dH_{2}}{dt} =(r_{2}-\beta_{2}H_{2})H_{2}-b_{21}H_{2}P_{1}\end{array}$ (4)
1 -2 ( ) 1 Lotka-Volterra 2
-2 :
$\{\begin{array}{l}\frac{dP_{1}}{dt} =-\delta_{1}P_{1}+c_{11}b_{11}H_{1}P_{1}+c_{12}b_{21}H_{2}P_{1}\frac{dP_{2}}{dt} =-\delta_{2}P_{2}+c_{21}b_{12}H_{1}P_{2}+c_{22}b_{22}H_{2}P_{2}\frac{dH_{1}}{dt} =(r_{1}-\beta_{1}H_{1})H_{1}-b_{11}H_{1}P_{1}-b_{12}H_{1}P_{2}\frac{dH_{2}}{dt} =(r_{2}-\beta_{2}H_{2})H_{2}-b_{21}H_{2}P_{1}-b_{22}H_{2}P_{2}\end{array}$ (5)
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1 -2 (4) (6) 1
2 (6)
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Fig. 2: 1 -2 (4) (a) 2 ;
(b) 2 ;(c) (a) $\beta_{1}=0.1,$ $(P_{1}(0), H_{1}(0), H_{2}(0))=(0.01,30.0,2.0)$ ;
(b) $\beta_{1}=1.0,$ $(P_{1}(0), H_{1}(0), H_{2}(0))=(0.01,3.0,2.0);(c)\beta_{I}=2.0,$ $(P_{1}(0), H_{1}(0), H_{2}(0))=(0.01,1.5,2.0)_{\text{ }}\delta_{1}=$




1 -2 (4) $(P_{1}^{*}, H_{1}^{*}, H_{2}^{*}),$ $(P_{1}^{*}, H_{1}^{*}, 0),$ $(P_{1}^{*}, 0, H_{2}^{*}),$ $(0, H_{1}^{*}, H_{2}^{*})$ ,
$(0, H_{1}^{*}, 0),$ $(0,0,H_{2}^{*}),$ $(0,0,0)$
$(P_{1}^{*}, H_{1}^{*}, H_{2}^{*})$ :
$P_{1}^{*}=$ $\frac{1}{c_{11}b_{11}^{2}/\beta_{1}+c_{12}b_{21}^{2}/\beta_{2}}(\delta_{1}^{*}+\delta_{1}^{**}-\delta_{1})$ ;
(7)





$(P_{1}^{*}, H_{1}^{*}, 0)$ :














$H_{1}$ $H_{2}$ $H_{1}$ $H_{2}$ $H_{1}$ $H_{2}$
Fig. 3: 1 - 1 1 $P_{1}$ $H_{:},$ $H_{j}$
$(i,j=1,2;i\neq j)$
(Fig. 2(a) ) $(P1,0, H2)$ :
$P_{1}^{*}= \frac{\beta_{1}}{c_{12}b_{21}^{2}}(\delta_{1}^{**}-\delta_{1})$ ; $H_{2}^{*}= \frac{\delta_{1}}{c_{12}b_{21}}$ (12)
$\delta_{1}<\delta_{1}^{**}$ (6)
$(0, H_{1}^{*}, H_{2}^{*})=(0, r_{1}/\beta_{1}, r_{2}/\beta_{2})$
$\delta_{1}>\delta_{1}^{*}+\delta_{1}^{**}$ (13)




1 - 1 1 1 -2 (4)
(Fig. 3 )
(Figs. 2, 4 )
1 2 : 2
2 2 (Fig. 4(a)) 2
2 3 $($Figs. $2(a),$ $4(a))$
1 : 2
$\searrow$ 2 3
(Fig. $4(b)$ ) 2 2







Fig. 4: 1 - 1 (4)
$i$ $(b_{ij},\beta_{i})$ (a) 1 2 ;(b)
1 2 ;(C) 2
1 ;(d) 2 1
$A=b_{11}\beta_{1}r_{2}/(\beta_{1}r_{1}-\delta_{1}c_{11}b_{11})$
2 1 : 1
1 2 (Fig. $4(c)$ )




1 2 (Fig. 4 $(d)$ ) 2
3 2
(Figs. 2(c), $4(d)$ )
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$r$ $\alpha$ $*$ $*$ $m$ 1 0
Fig. 5: 1 - 1 (1) $\}$ 1 (a) 1
2 3 ;(b) 2
1 2 1 (
) ;(c) 2 1
3 ;(d) 2 1
2 1 ( ) (a)
$\delta_{1}=1.5,$ $b_{11}=1.0,$ $\beta_{1}=0.7;(b)\delta_{1}=0.3,$ $b_{11}=0\cdot 15,$ $\beta_{1}=0.3;(c)\delta_{1}=0.5,$ $b_{11}=0.15,$ $\beta_{1}=0.3;(b)\delta_{1}=0.5$ ,
$b_{11}=0.15,$ $\beta_{1}=0.1$ $b_{21}=0.2,$ $c_{11}=0.3,$ $c_{12}=1.2,$ $\beta_{2}=1.0,$ $r_{1}=3.0$ , r2 $=$ 2.0 $t=50\cdot 0$
(a) $(P_{1}(0), H_{1}(0),H_{2}(0))=(0.01,r_{1}/\beta_{1},0.0),$ $H_{2}(50\cdot 0)=0.01,$ $(\triangleright\triangleleft)$




$b_{22}=0$ 2 -2 (5) $(0,0,0,0),$ $(0,0,0, H_{2}^{*}),$ $(0,0, H_{1}^{*}, 0)$ ,
$(0,0, H_{1}^{*}, H_{2}^{*}),$ $(P_{1}^{*}, 0,0, H_{2}^{*}),$ $(0, P_{2}^{*}, H_{1}^{*}, 0),$ $(P_{1}^{*}, 0, H_{1}^{*}, 0),$ $(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*}),$ $(P_{1}^{*}, 0, H_{1}^{*}, H_{2}^{*}),$ $(P_{1}^{*}, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$
10
$(0,0,0,0),$ $(0,0,0, H_{2}^{*}),$ $(0,0, H_{1}^{*}, 0),$ $(0,0, H_{1}^{*}, H_{2}^{*})$ $(0,0,0,0),$ $(0,0,0, H_{2}^{*})$ ,
$(0,0, H_{1}^{*}, 0)$ $(0,0, H_{1}^{*}, H_{2}^{*})$ 1 -2
$(0, H_{1}^{*}, H_{2}^{*})$ (13)
$\frac{c_{11}b_{11}}{c_{21}b_{12}}\cdot\delta_{2}>\delta_{1}^{*}$ (14)
$(P_{1}^{*}, 0,0, H_{2}^{*})$ 1 -2 $(P_{1}^{*}, 0, H_{2}^{*})$ (12)
1 -2 $(P_{1}^{*}, 0, H_{2}^{*})$ $\delta_{1}<\delta_{1}^{**}$
1 -2
$(0, P_{2}^{*}, H_{1}^{*}, 0)$ :
$P_{2}^{*}= \frac{\beta_{1}}{c_{21}b_{12}^{2}}(\delta_{2}^{*}-\delta_{2})$ ; $H_{1}^{*}= \frac{\delta_{2}}{c_{21}b_{12}}$
$\delta_{2}<\delta_{2}^{*}$
$(P_{1}^{*}, 0, H_{1}^{*}, 0)$ 1 -2 $(P_{1}^{*}, H_{1}^{*}, 0)$ (10)
1 -2 $(P_{1}^{*}, H_{1}^{*}, 0)$ $\delta_{1}<\delta_{1}^{*}$
1 -2 $(P_{1}^{*}, H_{1}^{*}, 0)$ (11) $\iota$
$\delta_{1}<\frac{c_{11}b_{11}}{c_{21}b_{12}}\cdot\delta_{2}$
$(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$ :
(15)
$\ovalbox{\tt\small REJECT}=\frac{\beta_{1}}{c_{21}b_{12}^{2}}(\delta_{2}^{*}-\delta_{2})$ ; $H_{1}^{*}= \frac{b_{12}}{\beta_{1}}(\frac{r_{1}}{b_{12}}-P_{2}^{*})$ ; $H_{2}^{*}= \frac{r_{2}}{\beta_{2}}$
$\frac{c_{11}b_{11}}{c_{21}b_{12}}\cdot\delta_{2}<\delta_{1}^{*}$ (16)
$\frac{c_{11}b_{11}}{c_{21}b_{12}}\cdot\delta_{2}<\delta_{1}-\delta_{1}^{**}$ (17)
$(P_{1}^{*}, 0, H_{1}^{*}, H_{2}^{*})$ 1 -2 (7) 1
-2 (9) 1 -2
$(P_{1}^{*}, H_{1}^{*}, H_{2}^{*})$
$\frac{c_{11}b_{11}}{c_{21}b_{12}}\cdot\delta_{2}>\frac{c_{11}b_{11}^{2}/\beta_{1}}{c_{11}b_{11}^{2}/\beta_{1}+c_{12}b_{21}^{2}/\beta_{2}}(\delta_{1}+\delta_{1}^{\dagger\dagger})$ (18)










$’$ $w$ $1*$ $\infty$ $\infty$ $r$ $*$ $r$ $|*$ $r$ $r$ $r$
Fig. 6: 3 1 -2 (4) 1 $(P_{2})$ (5)
1 (a)
3 (S2 ; ) ;(b) 4 (C2) ;
(c) 2 $(F_{3})$ (a) $\delta_{2}=0.4;(b)\delta_{2}=0.6;(c)\delta_{2}\cdot=0.8$ $\delta_{1}=0.3$ ,
$b_{11}=0.15,$ $b_{12}=0.4,$ $b_{21}=0.2,$ $c_{11}=0.3,$ $c_{12}=0.3,$ $c_{21}=0.3,$ $\beta_{1}=0.3,$ $\beta_{2}=1.0,$ $r_{1}=3.0,$ $r_{2}=2.0$ ,
$(P_{1}(0), H_{1}(0), H_{2}(0))=(0.01, r_{1}/\beta_{1},r_{2}/\beta_{2}),$ $P_{2}(100.0)=0.01$ $t=100.0$
$H_{i}(0)$ 1 $(=r_{i}/\beta_{i})$ $(i=1,2)$ Figs. 7. 8
3 1 -2
3 (Fig. 6 )
$(P_{1}^{*}, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$ :
$P_{1}^{*}= \frac{r_{2}}{b_{21}}-\frac{\beta_{2}}{b_{21}}H_{2}^{*}$ ; $P_{2}^{*}= \frac{r_{1}}{b_{12}}-\frac{\beta_{1}}{b_{12}}H_{1}^{*}-\frac{b_{11}}{b_{12}}P_{1}^{*}$;
(19)









1 -2 (4) 2 (10) $(P_{1}^{*}, H_{1}^{*}, 0)$
1 $(P_{1}^{*}, H:, 0)$
(11)
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$S_{1}$ ; $0^{\nearrow\bigvee_{O}}@$ $arrow 0$
$\Phi$ $\square$
$F_{1}$ : $0^{\nearrow k}\acute{o}$ $arrow 0$ $0$
$\mathbb{C}\}$
$\square$ \copyright $\oplus($: $-$ $\ovalbox{\tt\small REJECT}=$
$S_{2}$ : $0^{\nearrow _{\circ}’}$ $arrow$ $0^{\prime_{\circ}}$ $C_{2}$ : $0^{\nearrow_{/}k_{\circ}’}$ $arrow 0^{\nearrow_{/}\aleph_{\circ}’}$ $F_{2}$ : $0^{\nearrow_{/}\bigwedge_{\circ}’}$ $arrow 0^{\nearrow}\backslash _{O}$
$_{\forall}$ $\oplus+_{*}k$ $CD$: $\{D;_{:^{1}}$ \copyright$\searrow$.
$S_{3}$ : $0^{\nearrow _{\otimes}’}$ $arrow$
$\circ$
$C_{3}$ : $0^{\nearrow\vee}\otimes$ $arrow 0^{\nearrow\sigma_{\circ}’}$ $F_{3}$ : $0^{\nearrow_{/}k_{\otimes}’}$ $arrow 0^{\nearrow}$




Fig. 8: 1 -2 (4) 1
1 -2 (4) (23) (a) ;(b)















$g$ $n$ $r$ $\varpi$ $\iota n$ $\mathscr{O}$ $\infty$ $n$ $*$ $\mathscr{O}$ $|$’ $n$ $r$ $n$$r$$w$$r$ $\Leftrightarrow r$
Fig. 9: 2 1 -2 (4) 1 (5)
1 (a) 2
3 (S3 ; ) ;(b)
2 4 (C3 ; ) ;(c)
2 $(F_{3})$ (a) $\delta_{2}=0.4;(b)\delta_{2}=1.7;(c)\delta_{2}=2.1$ $\delta_{1}=0.5,$ $b_{11}=0.1,$ $b_{12}=0.4,$ $b_{21}=0.2$ ,
$c_{11}=0.3,$ $c_{12}=0.3,$ $c_{21}=0.3,$ $\beta_{1}=0.1,$ $\beta_{2}=1.0,$ $r_{1}=3.0,$ $r_{2}=2.0,$ $(P_{1}(0), H_{1}(0),H_{2}(0))=(0.01,r_{1}/\beta_{1},r_{2}/\beta_{2})$ ,
$P_{2}$ (100.0) $=$ 0.01 $t=100.0$ $H_{i}(0)$
$(=r:/\beta_{i})$ $(i=1,2)$ Figs. 7, 8
2 -2 (5) $($ $b_{22}=0)$
$(P_{1}^{*}, 0, H_{1}^{*}, 0),$ $(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*}),$ $(P_{1}^{*}, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$
$(P_{1}^{*}, 0, H_{1}^{*}, 0)$ $(P_{1}^{*}, H_{1}^{*}, 0)$ 1 -2
(4) 1 2
$(P_{1}^{*}, 0, H_{1}^{*}, 0)$ $(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$ $(P_{1}^{*}, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$
2 1
2
1 -2 (4) $(P_{1}^{*}, H_{1}^{*},0)$ (11) 2 -2
(5) $(P_{1}^{*}, 0, H_{1}^{*}, 0)$ (15) (15) $(P_{1}^{*}, 0, H_{1}^{*}, 0)$
$(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$ (17),
$\frac{c_{11}b_{11}}{c_{21}b_{21}}\cdot\delta_{2}<\delta_{1}-\delta_{1}^{**}$ (21)
$(P_{1}^{*}, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$ (20) $(P_{1}^{*}, 0, H_{1}^{*}, 0)$
$(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$
2 1 -2 1
2
$\frac{c_{11}b_{11}}{c_{21}b_{12}}$ . $\delta_{2}<\delta_{1}$ (22)






$S_{3}$ , Fig. 9(a) $)$ (23)
(Figs. 7, $8(b)$ $C_{3}$ , Fig. $9(b)$ )
1 -2
1 -2 (4) $(0, H_{1}^{*}, H_{2}^{*})$
1 $(0, H_{1}^{*}, H_{2}^{*})$
(13)
2 -2 (5) $($ $b_{22}=0)$
$(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*}),$ $(0,0, H_{1}^{*}, H_{2}^{*})$ ,
1
(Figs. 7, 8 $S_{1},$ $F_{1}$ )
1 -2 (4) $(0, H_{1}^{*}, H_{2}^{*})$ (13) 2 -2
(5) $(0,0, H_{1}^{*}, H_{2}^{*})$ (14)
(14) $(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$ (16)
(21) $(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$
(14) $(0,0, H_{1}^{*}, H_{2}^{*})$
$(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$
1 -2 1
(Figs. 7, 8 $S_{1}$ , $F_{1}$ )
34 2 1 -2
2 2 specialist (5)
$b_{12}=0$
2 -2
$b_{12}=0$ 2 -2 (5) $(0,0,0,0),$ $(0,0,0, H_{2}^{*}),$ $(0,0, H_{1}^{*}, 0)$ ,
$(0,0, H_{1}^{*}, H_{2}^{*}),$ $(P_{1}^{*}, 0,0, H_{2}^{*}),$ $(0, P_{2}^{*}, 0, H_{2}^{*}),$ $(P_{1}^{*}, 0, H_{1}^{*}, 0),$ $(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*}),$ $(P_{1}^{*}, 0, H_{1}^{*}, H_{2}^{*}),$ $(P_{1}^{*}, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$
10
$(0,0,0,0),$ $(0,0,0, H_{2}^{*}),$ $(0,0, H_{1}^{*}, 0),$ $(0,0, H_{1}^{*}, H_{2}^{*})$ $(0,0,0,0),$ $(0,0,0, H_{2}^{*})$ ,
$(0,0, H_{1}^{*}, 0)$ $(0,0, H_{1}^{*}, H_{2}^{*})$ 1 -2
$(0, H_{1}^{*}, H_{2}^{*})$ (13)
$\frac{c_{12}b_{21}}{c_{22}b_{22}}\cdot\delta_{2}>\delta_{1}^{**}$ (24)
$(P_{1}^{*}, 0,0, H_{2}^{*})$ 1 -2 $(P_{1}^{*}, 0, H_{2}^{*})$ (12)
1 -2 $(P_{1}^{*}, 0, H_{2}^{*})$ $\delta_{1}<(c_{12}b_{21}^{2}/\beta_{2})(r_{2}/b_{21})$
1 -2
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$(0, P_{2}^{*}, 0, H_{2}^{*})$ :
$P_{2}^{*}= \frac{\beta_{2}}{c_{12}b_{21}b_{22}}(\delta_{1}^{**}-\frac{c_{12}b_{21}}{c_{22}b_{22}}\cdot\delta_{2})$ ; $H_{2}^{*}= \frac{\delta_{2}}{c_{22}b_{22}}$
$(c_{12}b_{21}/c_{22}b_{22})\delta_{2}<\delta_{1}^{**}$
$(P_{1}^{*}, 0, H_{1}^{*}, 0)$ 1 -2 $(P_{1}^{*}, H_{1}^{*}, 0)$ (10)
1 -2 $(P_{1}^{*}, H_{1}^{*}, 0)$ $\delta_{1}<(c_{11}b_{11}^{2}/\beta_{1})(r_{1}/b_{11})$
(6)
$(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$ :
$P_{2}^{*}= \frac{\beta_{2}}{c_{12}b_{21}b_{22}}(\delta_{1}^{**}-\frac{c_{12}b_{21}}{c_{22}b_{22}}\cdot\delta_{2})$ ; $H_{1}^{*}= \frac{r_{1}}{\beta_{1}}$ ; $H_{2}^{*}= \frac{\delta_{2}}{c_{22}b_{22}}$
$\frac{c_{12}b_{21}}{c_{22}b_{22}}\cdot\delta_{2}<\delta_{1}^{**}$ (25)
$\frac{c_{12}b_{21}}{c_{22}b_{22}}\cdot\delta_{2}<\delta_{1}^{*}$ (26)
$(P_{1}^{*}, 0, H_{1}^{*}, H_{2}^{*})$ 1 -2 (7) 1
-2 (9) 1 -2
$(P_{1}^{*}, H_{1}^{*}, H_{2}^{*})$
$\frac{c_{12}b_{21}}{c_{22}b_{22}}$ . $\delta_{2}>\frac{c_{12}b_{21}^{2}/\beta_{2}}{c_{11}b_{11}^{2}/\beta_{1}+c_{12}b_{21}^{2}/\beta_{2}}(\delta_{1}-\delta_{1}^{\dagger})$ (27)
$(P_{1}^{*}, 0, H_{1}^{*}, H_{2}^{*})$ 3 1 -2
3
$(P_{1}^{*}, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$ :
$P_{1}^{*}= \frac{r_{1}}{b_{11}}-\frac{\beta_{1}}{b_{11}}H_{1}^{*}$ ; $P_{2}^{*}= \frac{r_{2}}{b_{22}}-\frac{\beta_{2}}{b_{22}}H_{2}^{*}-\frac{b_{21}}{b_{22}}P_{1}^{*}$;
(28)









1 -2 (4) 2 (10) $(P_{1}^{*}, H_{1}^{*}, 0)$
2 $(P_{1}^{*}, H_{1}^{*}, 0)$
(11)
2 -2 (5) $($ $b_{22}=0)$
$(P_{1}^{*}, 0, H_{1}^{*}, 0)$ , 1
-2 (4) 2 2
2 1 -2 2
2
1 -2
1 -2 (4) $(0, H_{1}^{*}, H_{2}^{*})$
2 $(0, H_{1}^{*}, H_{2}^{*})$
(13)
2 -2 (5) $($ $b_{22}=0)$
$(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*}),$ $(0,0, H_{1}^{*}, H_{2}^{*})$ ,
2
1 -2 (4) $(0, H_{1}^{*}, H_{2}^{*})$ (13) 2 -2
(5) $(0,0, H_{1}^{*}, H_{2}^{*})$ (24)
(14) $(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$ (25)
(26) (13) (25)
$(0, P_{2}^{*}, H_{1}^{*}, H_{2}^{*})$
(24) $(0,0, H_{1}^{*}, H_{2}^{*})$




$P_{2}$ 2 -2 (5)
$P_{2}$ $\delta_{2}$
1 -2 (Figs. 6(c), 9(c) ;Figs. 7, 8 $F_{1}$ , F2, $F_{3}$ )
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1 -2 $H_{2}$
$H_{2}$ (Figs. $9(a, b)$ ;Figs. 7, 8 $S_{3}$ ,
$C_{3})$ $(\delta_{1})$
(Figs. 7, 8 $S_{1}$ , S2, $S_{3}$ ) 1 -2
$H_{2}$
(Figs. 7, 8 $S_{3}$ ;Figs. 6(a), $9(a)$ ) 1 -2 3
(Figs. 7,
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Appendix 1 2




$P(t)>0$ $H_{i}(t)>0$ $V\leq 0$ $V=0$
$V$ $(P_{1}^{*}, H_{1}^{*}, H_{2}^{*})$ (4) Lyapunov
$(P_{1}^{*}, H_{1}^{*}, H_{2}^{*})$
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